Objective: To evaluate the effect of ultrasonic and sonic activation on physicochemical properties of AH Plus, MTA Fillapex, ADSeal, GuttaFlow Bioseal, and GuttaFlow 2 sealers. Methodology: Three experimental groups were formed: no activation (NA), ultrasonic activation (UA), and sonic activation (SA). The sealers were manipulated according to the manufacturers' instructions. A 3-mL syringe was adapted to receive 1 mL of sealer. Activation was performed with a 20/.01 ultrasonic insert (20 s/1W) in the UA group. A size 35.04 sonic tip was used (20 s/10,000 cycles/min-1) in the SA group. The molds for physicochemical analysis were filled and evaluated according to ANSI/ADA specification no. 57: setting time (ST), flow (FL), dimensional change (DC), solubility (SB), and radiopacity (RD). Statistical analysis was performed by Kruskal-Wallis, one-way ANOVA, and Tukey's tests (P<0.05). Results: Regarding ST, only AH Plus and GuttaFlow 2 in the NA group met the ANSI/ADA standards. All FL values were greater than 20 mm in diameter, as determined by ANSI/ADA. The tested sealers and protocols did not comply with the ANSI/ADA standards for DC. As for SB, only MTA Fillapex, regardless of the activation protocol, did not follow the ANSI/ADA standards. All of the investigated sealers, regardless of the activation protocol, presented radiographic density higher than 3 mm Al, as proposed by ANSI/ADA. Conclusions: UA and SA promoted changes in the physicochemical properties of the evaluated root canal sealers, mainly in ST and F. Thus, it is important to evaluate the physicochemical properties of endodontic sealers associated with activation techniques prior to clinical application in order to determine whether the properties follow the parameters set by ANSI/ADA, ensuring safety and quality of root canal filling.
Introduction
Root canal system fillings should provide adequate sealing in order to prevent percolation of fluids and reinfection, allowing for the repair of the apical and periapical regions. 1, 2 The quality of obturations is directly related to the material and the technique employed. [2] [3] [4] [5] [6] Regarding root canal filling techniques, lateral condensation presents some limitations in irregular, flat, and complex root canal systems. 3 4, 6, 7, 9 Recent studies have demonstrated the presence of gaps and voids after the use of different root canal filling techniques. 1, 3, 4, 6 In an attempt to overcome these limitations, some authors have proposed the sonic and ultrasonic activation of sealers causing them to penetrate into the canal, promoting a better adaptation between the sealer and the root canal walls. 1, 6, 10 Ultrasonic techniques are based on the use of inserts that, at high power, promote acoustic transmission and a subsequent cavitation effect, which minimizes the formation of voids inside the filling material and allows a greater adaptation of the sealers to the root canal walls and irregularities, as well as greater penetration into lateral and accessory canals. 1, 6, 10, 11 Sonic activation, however, allows for short movements of the tips inside the canal with low-frequency vibration, generating a hydrodynamic phenomenon that increases the penetration of the endodontic sealer in areas of difficult access. 6, 10 Nevertheless, to date, it has not been possible to state the real influence of these activation protocols on the alteration of the physicochemical properties of endodontic sealers.
Root canal sealers can be classified according to their composition: zinc oxide-and eugenol-based sealers; sealers containing calcium hydroxide; epoxy resin-based sealers; glass ionomer sealers; methacrylate resin-based sealers; or silicone-and bioceramic-based sealers. 6, [12] [13] [14] [15] Note that, despite the wide variety, resin-based sealers are the most widely used ones, and, more recently, both silicone-and bioceramic-based sealers have been gaining attention in clinical practice.
Given the broad use of protocols for activation of root canal sealers, it is necessary to understand how they act on the physicochemical properties of different types of endodontic sealers. Thus, the objective of this study was to evaluate the physicochemical properties Group I -no activation: after sealer manipulation in glass plates, the molds were filled for further analysis.
For groups II and III, the sealers were manipulated in glass plates and transferred to a 3-mL disposable plastic syringe adapted to receive 1.0 mL of sealer and activated as described below for each group. After activation, the sealers were immediately transferred from the syringe to the molds according to the analysis of each physicochemical property. Tulsa, Oklahoma, USA) for 20 seconds at 10,000 cycles per minute -1 6 without touching the syringe walls.
Group III -ultrasonic activation: the sealers were activated with the insertion of a size 20/.01 taper (E1 -Irrisonic Tip®) (Helse Dental Technology, São Paulo, Brazil) and ultrasonic device (EMS, Le Sentier, Switzerland) at power level 1 for 20 seconds, 6 without touching the syringe walls.
The setting time, flow, dimensional change, solubility, and radiopacity tests were performed following the method employed in previous studies. [13] [14] [15] [16] Setting time 
Materials Manufacturer Composition

AH Plus Dentsply De Trey GmbH, Konstanz, Germany
Epoxy resin, calcium tungstate, zirconium dioxide, aerosil, iron oxide, adamantane amine, N,N'-dibenzyl-5-oxa-non andiamine-1,9, coloring, TCD-Diamine, silicone oil. GuttaFlow Bioseal Coltène/Whaledent, Altstätten, Switzerland Gutta-percha powder particles, polydimethylsiloxane, platinum catalyst, zirconium dioxide, calcium salicylate, nano-silver particles, coloring, bioactive glass ceramic.
MTA Fillapex
GuttaFlow 2
Coltène/Whaledent, Altstätten, Switzerland Gutta-percha powder particles, polydimethylsiloxane, platinum catalyst, zirconium dioxide, micro-silver particles, coloring. initial length of the sample. 15, 16 Solubility For the solubility tests, 10 circular Teflon molds with 7.75 mm of inner diameter and 1.5-mm in thickness were filled with freshly prepared sealer. Each mold was supported by a larger glass plate covered with a cellophane sheet. An impermeable nylon thread was placed inside the material, and another glass plate, also covered with cellophane sheet, was positioned on top of the mold and pressed manually in such a way that the plates touched the entire mold in a uniform manner. The assembly was placed in an incubator (37±1°C, 95±5% RH) and left to stand for a period corresponding to three times the sealer setting time.
As soon as the samples were removed from the mold, they were weighed three times each using a HM-200 precision scale (A&D Engineering Inc., Bradford, Massachusetts, USA), and the mean reading was recorded. 13, 15, 16 The samples were suspended by the nylon thread and placed two by two inside a plastic vessel with a wide opening containing 7.5 mL of deionized distilled water, taking care to avoid any contact between them and the inner surface of the container. The containers were sealed and left for 7 days in an incubator (37±1°C, 95±5% RH). Afterwards, the samples were Table 1 shows the results for the analysis of the physicochemical properties of root canal sealers according to the different activation protocols. highest flow values. The activation of endodontic sealers at high frequency and with a small amplitude of oscillations gives the sealers enough energy for the polymerization to occur in a more homogeneous way, providing better incorporation of the fill/loading particles of the organic matrix. 6, 27 In addition, note that the heat generated during this process reduces sealer viscosity, increasing its flow and the rheological and mechanical properties of the material, especially its cohesive strength. 6, 19, 27, 33 These characteristics, added to the increase in sealer pressure against the root canal walls, allow the filling of irregularities and recesses of the canal, greater penetration into accessory canals, isthmus, and dentinal tubules, with formation of a greater number, density, and extension of tags. 1, 6 Despite the flow changes caused by the activation protocols, all values found were greater than 20 mm in diameter, as determined by ANSI/ADA. However, On the other hand, after the activation protocols, MTA Fillapex showed high solubility values, unlike AH Plus and GuttaFlow Bioseal, which did not follow the pattern of results, presenting higher or lower values depending on the activation protocol. These results are in line with previous studies that demonstrated the high solubility of MTA Fillapex when compared to other sealers. [34] [35] [36] [37] [38] This characteristic is related to the process of alkalinization of the calcium hydroxide present in its composition, which leads to a greater release of Ca 2+ ions in aqueous medium. 35, 37 Note that this process can also lead to an increase in sealer setting time. 38 As for sonic activation, variation in radiopacity may be related to a higher or lower exposure to the inorganic compounds present, which occurred randomly due to the hydrodynamic motion caused by sound waves. 6, 10 However, all of the investigated sealers, regardless of the activation protocol, presented radiographic density higher than 3 mm Al as proposed by ANSI/ADA specification No. 57. 13, 14, 16, 40 The radiographic images of the sealers were obtained with use of a Digora TM digital system using a sensor and replacing the conventional radiographic film, and using Digora TM for Windows, version 1.51, which allowed for a more accurate capture, processing, storage and measurement of the results when compared to the conventional radiographic film analysis, in addition to the need for low exposure for the sensor sensitization. 15, 16, 40 Conclusions It is known that the activation of endodontic sealers improves root canal sealing, especially in areas of difficult access such as lateral and accessory canals, isthmus, recesses, and apical deltas. 1, 6 However, this study allowed to conclude that directly tested sonic and ultrasonic activation altered the physicochemical properties of endodontic sealers. In this regard, it is important that, prior to clinical application, the physicochemical properties of sealers associated with activation techniques be evaluated in order to determine whether the properties are maintained within the parameters set by ANSI/ADA, ensuring safety and quality of endodontic filling. Moreover, it is important that the dental practitioner consider the advantages and disadvantages of employing activation in each specific clinical case.
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